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Abstract 
Background: To assess cell death inducing 
properties of hyperthermia on eye lids of full term  
Sprague- Dawley rats.  
Methods: An experimental study was carried out 
on eyelid of 64 full term Sprague-Dawley rats 
divided into a control group (A) and an experimental 
group (B) in whom hyperthermia was induced by 
placing them in an incubator for one hour from 
8.00am to 9.00am daily.  Eyes of all the animals were 
examined with a hand lens daily to look for the 
beginning and completion of eyelid separation.  
Microscopic slides were prepared and histological 
events studied.  
Results: Eyelid separation began on 13th day of life 
in control animals and on 10th or 11th day in case of 
experimental animals.  Completion occurred at age 
of 17 days in control and on 14th in experimental 
animals signifying cell death induced by 
hyperthermia. Histological study confirmed that 
hyperthermia expedites cornification; a type of 
programmed cell death. 
Conclusion: Hyperthermia expedites initiation 
and completion of eye opening by increasing the rate 
of cell death.   
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Introduction 
       In western countries trials were carried out in 
which hyperthermia was used as an adjunct to 
chemotherapy and radiotherapy in treatment of 
carcinomas.  This cost effective method has not been 
tried in Pakistan, due to reticence to perform it in 
humans.  Therefore eyelid of Sprague-Dawley rats was 
chosen as experimental tissue to access cell death 
inducing property of hyperthermia, as pups are born 
with eyes closed which open normally on 17th day of 
life by the process of programmed cell death.  
Temperature is an important parameter for the 
maintenance of homeostasis.  In humans a narrow 
range of normal body temperature is maintained by 
thermoregulatory mechanisms, which varies between 
37˚С-37.5˚С and in it physiological processes work 
most efficiently.  Hyperthermia means a body 
temperature that is higher than normal.  High body 
temperatures are often caused by illnesses but 
hyperthermia can also refer to heat treatment, the use 
of heat for medical purposes.  It has been known that 
heat helps the body against cancer.1,2  Cancer cells are 
more vulnerable to heat than normal cells.  
Hyperthermia stimulates the malignant cells to 
undergo programmed cell death.  It decreases the 
cellular pH reducing their viability and transplant-
ability and stimulates the immune system.3,4  It 
provides protection against thrombocytopenia 
induced by radiation therapy and induces platelet 
stimulating factors.  It also improves the therapeutic 
index of total body irradiation by preventing damage 
to normal cells and increased killing of tumour cells.5  
When used with chemotherapy it increases damage 
associated with the drug at usual doses, or produces 
same results with lower doses.  Hyperthermia 
increases the cytotoxicity of chemotherapeutic agents, 
without increasing their side effects and also reduces 
resistance to them.6,7     
Materials and Methods 
 An experimental study was carried out on eyelids of 
64 full term Sprague-Dawley rats which were divided 
into a control group(A) and an experimental group 
(B).  Animals were evaluated at four different ages i.e, 
10-11day (subgroup A1and B1), 12-13 day (subgroup 
A2 and B2), 14-15 day (subgroup A3 and B3) and 16-
17 day (subgroup A4 and B4) of postnatal life; each 
subgroup containing eight animals.  The body 
temperature of animals of experimental group was 
elevated 3.0 ± 0.5°C above the normal body 
temperature by placing them in an incubator at 40°C.  
Body temperature was monitored using a rat rectal 
thermistor probe.  When the body temperature was 
raised to 40.0 ± 0.5°C, the elevated temperature was 
maintained for 1 hour.  Rat pups were than removed 
from the incubator, cooled to normal temperature and 
returned to their mothers.  This practice was followed 
daily starting from first postnatal day, till the time of 
their sacrifice which was 10th, 12th, 14th, and 16th or 17th 
postnatal day.  The change in temperature in this 
experiment falls in the range of hyperthermia for rats. 
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 Right eyelids were examined with a hand lens daily 
to look for the beginning and completion of eyelid 
separation.  Left eyelids of all animals were dissected 
out at their respective ages, processed and slides were 
prepared to study the histological events. 
Results 
    Timing of initiation of eyelid separation measured in 
days after birth ranged between 12-13 days in Group 
A and 10-11 days in Group B.  Timing of completion of 
eyelid separation in days ranged between 16.5-17.0 
days for Group A and 13.5-14.0 days for Group B 
(Table 1; Figure 1). 
Table.1 Comparison of timing of initiation and 
completion of eyelid separations  
Group 
 
MEAN±SD 
(Days) 
Delay ‘p’ 
Value 
Group MEAN±SD 
(Days) 
Delay ‘p’ 
Value 
A n=32 12.37±0.07 2.12 0.00 A   n=8 17.12±0.11 3.25 0.00 
B 
n=32 
10.25±0.08 B 
n=16 
13.87±0.07 
 
  In animals of Subgroup A1 a layer of keratin 
extended without interruption through the junction 
zone on the epidermal surface.  A surface depression 
was present over it.  A very shallow depression was 
seen on the conjunctival surface (Figure 2).  In animals 
of Subgroup B1, keratin extended through the junction 
on the epidermal surface. A noticeably deeper surface 
depression was present over the junction as compared 
to that seen in animals of A1 Subgroup.   In surface 
epithelium, cells containing basophilic material were 
numerous.  A comparatively deeper depression was 
seen on the conjunctival surface than that seen in 
animals in subgroup, A1 (Figure 3). 
      In animals of Subgroup A2, a layer of keratin 
extended across the epidermal surface and it dipped 
down into the depression at the junctional area.  This 
depression was significantly deeper than that seen in 
animals of Subgroup A1.  A  similar but shallower 
indentation was present on the conjunctival surface 
(Figure 4). In animals of Subgroup B2 keratin layer 
was present on the external surface that extended 
down into the junction between the two eyelids. This 
epidermal depression was noticeably deeper than that 
seen in animals of Subgroup A2.  Here keratinization 
extended down to nearly half of the total thickness of 
the tissue in the junction.  An indentation deeper than 
that seen in control animals of this age group was also 
seen on the conjunctival surface (Figure 5).  
     In animals of Group A3, squames of keratin were 
seen in the junctional zone extending down about half 
of its total thickness.  This was the area where the 
beginning of eyelid separation had started.  Beyond 
this point till extension of keratin, the dermis of two 
lids was separated by a basal layer of cuboidal or 
columnar cells oriented at right angles to the basement 
membrane on both sides.  Superficial to this there were 
two to three layers of clearer cells.  These cells 
contained large amount of pale staining cytoplasm and 
small nuclei.  Indentation on the conjunctival surface 
was deeper than that present in control animals of 
Group A2 (Figure 6).In case of animals of Subgroup B3 
keratinization extended from the epidermal surface 
down the total width of the junctional zone in between 
the eyelids and in the region of indentation on the 
conjunctival surface thus separating the eyelids.    In 
all the animals of Subgroup B3 separation of eyelids 
was complete.  In animals of Subgroup A3 eyelid 
opening was incomple as keratinization had reached 
only half way down the junctional zone (Figure 7).  
  In animals of Subgroup A4 keratinization extended 
between the upper and lower lids thus separating 
them, resulting in eye opening.  At the epidermal 
surface, junctional zone and conjunctival surface, the 
dermis was overlain by a basement membrane.  On the 
basement membrane was a single layer of low 
columnar cells exhibiting mitosis.  Superficial to it 
were two layers of rounded cells, which were in turn 
covered by one to two layers of comparatively 
flattened cells.  This was covered by a layer of keratin 
extending from epidermal to conjunctival surface 
(Figure 8).   
 
Fig.1 Comparison of timing of initiation and completion of 
eyelid separation in both groups  
 
Discussion 
    Eyelids were completely fused in all the ten days old 
control and experimental animals.   Although a 
measurable slit between eyelids was not seen in any 
animal of Subgroup B1 but the presence of a surface 
depression noted by hand lens and confirmed in 
histological slide highlighted the fact that the process 
of eyelid separation had commenced in these animals. 
 In animals of Subgroup A1 no such surface 
depression was present.  A measurable slit between 
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eyelids was not  seen  in  twelve days old control and 
experimental animals but the presence  of  a     surface 
 
Fig 2:  Junctional zone of fused eyelids seen in an animal 
of group A1.  Layer of keratin (black arrow).  Large pale 
cells (light blue). Shallow depression on conjunctival 
surface (green arrow).  Basophilic material seen in surface 
cells (red arrow).  Hair follicle (dark blue).  Shrunken cell 
(yellow arrow).H&E stain, X 1040.     
 
Fig 3:  Junctional zone of fused eyelids of an animal of 
subgroup B1.  Layer of Shrunken cells (Red arrow).   
keratin (Black arrow).  Large pale cells (light blue arrow).  
Surface depression on the conjunctival side (dark blue).  
Cells containing basophilic material (yellow arrow).  
Depression on conjunctival surface(Dark blue arrow) H&E 
stain, X 1040.     
 
Fig 4:  Junctional zone of fused eyelids of an animal in 
subgroup A2.  Shrunken cell (red arrow).  Surface 
depression on epidermal side (light blue arrow).  Cells 
containing basophilic material (pink arrow).   Keratin 
plaques (light green arrow).  Depression on conjunctival 
surface (light blue arrow).    H&E stain X 100.  
 
Fig 5: Photomicrograph showing the junctional zone of 
fused eyelids of an animal in subgroup B2.  Large pale cell 
(red arrow). Keratin squames(pink arrow).  Cells 
containing basophilic material (light green arrow).   
Depression on conjunctival surface (dark blue arrow).  
H&E X 100.    
 
 
Fig 6: Junctional zone of fused eyelids of an animal in 
subgroup A3.  Cells containing basophilic material (pink 
arrow).  Surface depression on the epidermal side (yellow 
arrow).  Keratin squames (red arrow). Depression on 
conjunctival surface (light blue arrow). Conjunctival 
epithelium (light green arrow) H&E stain, X 100.  
 
 
Fig 7:  Eyelids of an animal in group B3.  Keratin in-
between the two eyelids (yellow arrow). Conjunctival 
epithelium (dark blue arrow) keratin extending onto the 
conjunctival surface (light green  arrow).  keratin on the 
epidermal surface (red arrow).  Tarsal gland (Pink arrow 
arrow).   H&E stain X 100. 
 
 
  Fig 8: Eyelids of an animal in subgroup A4. Keratin on the 
epidermal surface (black arrow).  Basophilic material in 
surface cells (light pink arrow).  Keratin squames (light 
blue arrow).  Slit between eyelids( red arrow). Keratin 
extending onto the conjunctival surface (light green  
arrow). H&E stain, X 100. 
 
depression was noted in histological slides signifying 
commencement of separation in these animals.  
External epithelium was thicker than conjunctival 
epithelium in both subgroups confirming the findings 
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of Findlater et al.8  Epidermal depression and 
conjunctival indentation was more pronounced and 
cells containing basophilic material were more 
abundant in experimental than in control animals, a 
fact also noted by Teraishi et al.9  All the fourteen days 
old experimental animals had measurable slit while 
control animals of same age exhibited no gap between 
eyelids.  In these animals epidermal depression was 
deeper and more basophilic cells were seen than in 
two days younger control animals.  Eyelid separation 
became evident in seventeen days old control animals. 
   In present study, eyelids of animals of control group 
started to separate on the twelfth day of postnatal life 
as noted by Mohammad  YH et al.10  On the other hand 
start of eyelid disjunction was clearly evident in ten 
days old experimental animals.  This indicates that 
hyperthermia expedites cell death at inter-eyelid 
membranes and initiation of eyelid separation was in 
advance in animals of hyperthermia exposed group by 
about 2.12 days than in animals of control group.   
Mark  in 1977 worked extensively on rats and mice 
and updated his research in 2013. 11 He showed that 
Sprague Dawley rats are born with eyelids closed 
which open on 17th day after birth.  Our study 
confirmed his findings as eyes of all animals of control 
group opened completely on an average by 17.12 days 
after birth.  On the other hand completion of eyelid 
disjunction was clearly evident in all the hyperthermia 
treated animals on or before the 14th postnatal day 
(mean, being 13.87days).  Completion of eyelid 
opening in experimental animals was in advance by 
about 3.25 days.  This confirmed that hyperthermia 
expedited cell death at eyelid junction site and the 
initiation and completion of separation was in advance 
in animals of experimental group than control group.  
This finding further established the fact that initiation 
of eyelid separation was subjected to a lesser degree to 
the effects of hyperthermia than the process of its 
completion.  This may be attributed to the fact that 
completion of eyelid disjunction occurs at a later stage 
during the process of development and by that time 
the animal has received a larger dose of heat in 
contrast to the process of initiation that occurs at an 
earlier time.  These finding were in accordance with 
the findings of Vania and Ian who concluded that as 
the temperature was increased, the time required to 
induce cell death was reduced logarithmically.  12 They 
further said that as time at a given temperature 
increased, the rate of cell death quickened.  This shows 
that the effects of hyperthermia are dose related.  The 
dose of heat is a product of elevation of temperature 
and the duration of elevation.  
 
Conclusion 
Hyperthermia expedites initiation and completion of 
eye opening by increasing the rate of cell death.   
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